Increase in energy demand worldwide has caused faster depletion of sweeter feedstock and increased utilization of sulfur-bearing fuels that contain high amounts of acid gases (H 2 S and CO 2 ) and other associated impurities. The composition of acid gas varies significantly depending on the desulfurization facility. Currently, Claus process is used under near optimum reactor conditions for maximum recovery of sulfur from acid gases. To enhance energy generation and preserve our environment from sulfur-bearing fuels, one must explore alternative means for more efficient treatment of acid gases. Numerical examination of acid gases to produce pure sulfur and syngas is presented and this provides the feasibility of establishing global reactor conditions for such a recovery. Detailed examination of acid gas pyrolysis was conducted with focus on determining optimum conditions for the production of sulfur and syngas that can be used in industry at high conversion efficiency of acid gas. The results revealed that only pyrolysis of specific acid gas composition leads to the production of syngas and that temperature plays an important role in the conversion process. The results provide the role of the acid gas composition on high sulfur yield and production of hydrogen-rich syngas under different operational conditions of the reactor with minimal adverse effect on the environment. The produced hydrogen-rich syngas can be utilized to enhance energy generation or produce value added products. The operational conditions provide means to seek different composition of the syngas. The syngas can then be used to produce biofuels. Detailed results and analysis are presented in the paper.
Introduction
Currently, Claus process is used to yield maximum elemental sulfur production from acid gases (mainly H 2 S and CO 2 ). Acid gases are major byproducts of desulfurization facilities of many natural gas plants and crude oil refineries, and their chemical composition show wide variation depending on the desulfurization facility [1] . Increase in energy demand worldwide has caused faster depletion of sweeter feedstock and increased utilization of sulfur-bearing fuels that contain high amounts of acid gas (H 2 S and CO 2 ) and other associated impurities. Alternative utilization and efficient treatment of acid gas are required to preserve our environment from sulfur-bearing fuels while simultaneously enhancing energy generation [1] [2] [3] [4] . Wide range of studies on the improvement of Claus process efficiency has shown that both syngas and sulfur can be produced from acid gas under certain reactor operational conditions [5] [6] [7] . This is an attractive alternative since the large volume of CO 2 in acid gas can be captured from the produced syngas. Moreover, sulfur recovery from lean acid gas that contains higher CO 2 content than H 2 S as well as hydrocarbon impurities in a Claus process pose severe technical and environmental issues [1] . Therefore, acid gas pyrolysis will also be well suited for the treatment of lean acid gas. The H 2 and CO produced (syngas) can then be used in industry for energy and power applications. Syngas can be used as a fuel for gas engines, or to produce valuable chemicals, such as ammonia and liquid fuels. It was noted that Siemens energy gas plants require syngas ratio of H 2 to CO between 0.33 and 1.2 for successful operation and similar ratio for ammonia production [2] [3] .
Previous researchers have examined the non-catalytic conversion of acid gas to hydrogen [8] [9] [10] [11] [12] [13] [14] [15] . Most studies have focused on the kinetics of hydrogen sulfide decomposition into hydrogen and sulfur, and the reported results are on various kinetic parameters [8] [9] [10] [11] . A few studies were also reported on the detailed mechanism of hydrogen sulfide pyrolysis and the data compared with experiments at low (600-900 o C) and moderate temperature conditions (900-1300 o C) [11] [12] [13] [14] . The reported overall kinetic parameters varied significantly. They did not provide a unified description of the reaction kinetics on hydrogen production from hydrogen sulfide despite examination over a wide range of conditions. Binoist and co-workers [15] , more recently reported their work on pyrolysis of H 2 S in diluted argon in a continuous perfectly mixed reactor over a residence time of 0.4-1.6s and temperature range of 800-1100 o C. They developed a detailed kinetic mechanism for H 2 S pyrolysis. The detailed reaction mechanism was used to carry out numerical simulations that were used to compare with experimental data. Pyrolysis of acid gas is expected to generate some unwanted by-products, such as, COS, CS 2 , SO 2 and other sulfurous compounds. Our previous research has reported conditions under which COS, SO 2 , CS 2 and other sulfur compounds are produced in the reactor [5] [6] . Most importantly, the results revealed increased potential of H 2 production from acid gas containing benzene, toluene and xylene (BTX) [5] . These are common aromatic impurities that are often found in acid gas. It is important to examine the reactor conditions under which syngas production can be maximized while minimizing formation of unwanted sulfurous compounds. Previous work was focused on investigating pyrolysis of H 2 S, even though acid gas contains considerable amounts of CO 2 . In this paper, we examine pyrolysis of H 2 S and CO 2 (acid gas) that offers a more practical solution.
Results and discussion
Determination of optimum reactor conditions for enhanced syngas and sulfur yield was conducted using a well-studied mechanism of hydrogen sulfide oxidation [7] that consisted of 111 reactions, combined with a detailed pyrolysis mechanism [14] , which consisted of 22 reactions. Since some reactions are common to both mechanisms, it was necessary to modify them. The combined mechanism consisted of 41 species and 117 elementary reactions, which accounted for both pyrolysis and oxidation reactions that are favorable during thermal conversion of H 2 S and CO 2 . Figure 1 shows both the modeling and experimental results on the conversion of H 2 S versus residence time. Simulation results showed a very close match to the experimental data at both the temperatures examined. The conversion of H 2 S increased with increase in residence time and temperature. A parametric study was further conducted to examine the possibility of syngas and sulfur recovery over a wide range of reactor temperatures and acid gas composition. The composition of syngas produced was examined over a temperature range of 1000-2000 o C and residence time of 1.4 seconds. At temperatures below 1500 o C, the conversion of H 2 S was less than 60% for a given acid gas composition. Significant difference in H 2 S conversion was much discernable at higher temperatures above 1800 o C, but these temperatures promoted significant amounts of unwanted sulfur compounds, such as SO 2 and COS. Moreover, the conversion of CO 2 was also insignificant at temperatures below 1500 o C. Therefore, the temperature range of 1500-1800 o C was most suitable for examining the composition of syngas produced. It is desirable to produce syngas with wide range of H 2 to CO ratios so that the produced syngas can be used in gas engines or ammonia and liquid fuels production. The results revealed that the ratio of H 2 to CO decreases with increase in temperature, and only high temperature reaction, above 1550 o C and specific acid gas composition can allow the production of usable syngas in ammonia production and gas engine applications. The desired H 2 to CO ratio is between 0.33-1.26 for ammonia production and gas engines applications [2] [3] . Acid gas with high H 2 S content, more than 60%, produced syngas that was very rich in H 2 . This offers potential for direct H 2 production from acid gas if suitable separation techniques are deployed for direct H 2 separation from the produced syngas. The results show that high temperatures are more suitable for acid gas pyrolysis. However, some undesirable compounds can also be produced during the pyrolysis. The evolution of these compounds with temperature should therefore be explored. Figure 3 shows the evolution of S 2 , COS and SO 2 . The results show the production of COS and SO 2 is favored at temperatures above 1600 o C. Sulfur compound can be used without the formation of SO 2 and COS since they must be removed due to their environmental and health hazards. Therefore, the ultimate ideal goal would be to maximize conversion of H 2 S, produce S 2 and syngas with a suitable H 2 to CO ratio that meets the specific industrial requirement, while minimizing the formation of other unwanted compounds.
Conclusions
Syngas and sulfur recovery from acid gas has been studied using a modified mechanism to simulate the pyrolysis of acid gas, with due accounting for pyrolysis and oxidation reactions. A comparison between the simulation and some experimental data from literature showed good agreement. A parametric study was also carried out to examine the possibility of acid gas conversion to produce sulfur and syngas with a wide range of H 2 to CO ratios. The results showed that only specific reactor temperature within 1550-1800 o C and acid gas composition, having H 2 S content lower than 60%, offers the potential for syngas production that is suitable for gas engine application and ammonia production. It is also necessary to find a compromise between a high H 2 S conversion and limited production of undesired sulfur compounds, which are achieved within a narrow temperature range of 1500-1600 o C. The results shown here demonstrate the potential of syngas recovery from acid for its subsequent use in a wide range of applications of gas engines, ammonia plants and liquid fuel production.
